Searching PAJ 1 /2 ^— v 

< 

mC *- 

PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2002-247899 
(43)Date of publication of application : 30.08.2002 



(51)Int.CI. 


H02P 21/00 
H02P 6/10 






(21)Application number : 2001-040550 


(71)Applicant 


: NISSAN MOTOR CO LTD 




(22)Date of filing : 1 6.02.2001 


(72)Inventor : 


KTTAJIMA YASUHIKO 




(54) MOTOR CONTROI 1 FR 









(57)Abstract: 

PROBLEM TO BE SOLVED: To improve control performance of 
a motor with a large space harmonic wave. 

SOLUTION: There are provided a fundamental current command 
value determining means 1 which determines fundametal current 
command values id* and iq* of a motor current at least 
according to a torque command value Te* of an AC motor M; a 
harmonic current command value determining means 1 which 
determines harmonic current command values idh* and iqh* of 
the motor current at least according to the torque command 
value Te* of the AC motor M; and current control means 2, 5, 6, 
8, and 9 which control a current applied to the AC motor M 
according to the fundamental current command values id* and 
iq* and the harmonic current command values idh* and iqh*. 
With this constitution, an output of a motor with a large space 
harmonic wave can be improved and the torque, voltage ripple, 
and current ripple of the motor can be reduced, while an 
efficiency is improved and, the control performance of the motor 
with the large space harmonic wave can be improved. 
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ME**a«aE««ffii:mE*ll^atlgltft*ffl[^cK-^l^ 

P**»JS»fcr^aB Lt d h q hBE*3Rlc felt* 

mk t -r « =e - - * - m»si. 

4— MttKBf::ftl*T« 

TOES*«S3S»^fll*S^H:J3 cfc tfffiEftB&BSktt 

»4Mi <t m&Bau&ttit £ft£-r & - £ * t -r « 
nES*x«atti««i%s¥R£ * intra ABa**9M& 

*J»SBo . . 50 



*MP36Bl::fcl*T* 
WE**aft«3t»*ttSt3t*Si3J:tfffiEKB»«3tt» 

^ffl t KB &B3fcflHMIt S TkJZT ^ctS^irt^^ 
-*-#Jffll36fie 
[19*318] SIsR^l ~3(Dt^ti^a)9IlcEtI<D : E— 

«TEa»:X«9Kfi^tt%£^«£ £ tflfrEXfliK«3Ittf 
B»mSSE»%ffi. 4r-hiU^*«(EhiU^»*ffll3 

*a«aEJB*tttarBa«ajB*tt. fcctiPE-*— h 
&«'>i^-r*s*aK«3Kje^ffltBB»asatg*fii^a 

Utt$li«I*lttff«|j:MI 

a*«siBB*«*atRf *«at»*«oiiR*« t * ess*. 
* c t t -r * -MfflJSSo 
m*H9] s»*^8^cEmc7)^-^-^^J^a^sa^3fcL^ 
t\ 

t>mss"; v^u*«*f=r*at*awt»iMitKBa 
w»»*tt saiR-r * - 1 t * * -ftMS 

Mo 

[ttftJRi o] B«9[8lzEBa)%— MffftBfcfe 

WE«si»*«a«?*«(±. ^-h^tt-^- 

X»«tt^»B3ni9ttt^ffi«SK'r « - <t * &®Lt •? 

be-; ^^u*«*rc-r*K*a«a[»«tti:KB»«a 

[»*ai 2] B*S 8 IcEKO)^— »J»»Blcj3 
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[000 1] 10 
[0002] 

O 8-3 3 1 8 8 5#4*<B#HB) . 
[OO0 3] SI 21*. — tt(Cj£<ffllxg>*LTl*«3ffi 

<D*fiI* dfcMzKg-f* title* h;u^mBSJS»(7>^ 
««3Rlcfct^TIta*T«SK«IWai«tfT3 c t lc* 

y. «»a>*jw«s££/j*$< lti^o 

[0 0 0 4] £3S^E— * — "Ctt, /hSfttSSa* 

<b£S&f::#>fe. si 3ic^cfc3ftrt»Stt&*M»E 

SUtMo MOP- * — lilih^t "J9£*> 

0>P— $ — £ — l£ I PM (Interior Perma 30 

nent-magnet Motor) l£*i~Cl*£> 0 — &#<DX 

[0 0 0 5] 

ffilB*B*tf**l*il*3^**LTl* 

*• ft****©^— ttiaafcycoxp^ h«3b< 40 

letter «*oo»* 

tf^m-ictt y . annmx^« < or*. 
[ooo6] si 4(c^-r^d3fep— (Dmm 
tfmET-mt>tixi*&mmm&m&<»$ pm^e— iz 

Jt^. Si 3 (c^-TrtaJ^iX^^^jgcD I PMt- 

* — p— ^-oRj§iz^or«^A<Jitf>ix*nT 

[0007] *-z—<D&mnm&tf*&i*t*:-*— so 



[0 0 0 8] **K©|»lt, fflMKBiaA<**t^— 
[0 0 O 9] 

(1) b#js i oosmbi** / >6<tt$at-*-M 

fca-^ixr^— * — «8Ka>miift*9ttt^flt i dh*. iq 

amaMt^fflMd*. iq*i:«!rlBBiS*asa}i*fiiid 
h*. i qh l M=B'3lvcVffi&Sk'E— * — MlcSStiSBaS 

(2) et«3R2a>%-4>-HHflisatt. me**** 
«»r=H«LriaiB^*d qjs*3Ri=fcc+*aw:a«siE 

Nl LTEMW £ d h q hJS*3Rlc^lt«miS«8Ktt«ffl[ 
i dh*. i qh**SfeS"#"*«fe5(cLfc*<Z)"C&* 0 
( 3 ) ft* A 3 <D^E— $ — *]»»«<BmE«3K MW* 

d q&S^lcfctvC^E— 4r— «aiEO)»*:a*»35<«HB» 

id*, i cf i=— a-r-BckdizMw-r** 
**»sK*ijw^a 2 , 5£. s»wax«sc<&;BB»& 

»fit»I=HJ« Lt EsJIe-T & d h q WMEKlcfcl v« — * 
h*. iqh*lc— a-r«<k3l=MWr*»Ba«3lt«lfB* 

a5. 6. 8, 9fc***r«o 

(4) b*&4o%— 9-MM*fli(* % uias*^i 
alienor, ^e— h;u^*«rffih;u^fi^ffiic- 

a*^«r*<&J»**«*(c-r-6»*5R«gt»*fi| i d*. 
i q*£SIE&m^m%te i dh*. i qh* 5 U: 

(5) B*H5 0>%— »-1M»ttBl* % strES^&m 
95»*ffl*^ai 33<fc^mEBBift«3Sfi*fil*S^ 

ai iuot, Hu>7*«5Eh;u^ji^fflic- 

♦fit i d* % i q* £ igUi&maSJi^fi! i dh* . i qh* s *s 

(6) B^eco^e— M»SHKii % l5ES*aS® 

anchor, ^e— h;u^$ffirEh;u^ti^fiHc- 
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fit i i q* t mmsmstm^m. \ dh* . i qh* £»s-r 
(7) 9&rR7o=e—*—mm»mt* «rE***m 

fit i d* . i q* <t »iB&Sgtfg<¥*ffi i dh* . i qh* £2fe5£-T 

(s) is^sco^-^-sijfflisaf*. i9tes*«m 

lancer. ^B-^-h;u^^fJlB h;u^m^fitfc- 

a*-&<P36«6«i»*«*i=-r j d*. 

i cr^BiaafiasSJi^fit \ dh*. i qh*. ^e— h;u^ 

*»*ie«a»«ffl[ id*, i q* t jKnaRsssji 

<tfitidh*. i qh*. ^E— * — hiU^STOIB hiU^Jt^ffi 

id*, i (f £BB*»SE»4MiB i dh*. i qh*. j3 

t>m3E U *v ^tIW:t ^S*«S3a»«ffi id*, i 
<f t I dh*. i qh*t*jeu 

i &j:i/«Ennxims 

¥«llc*y»3e**L«aW:S6m»««*lid*. iq*<fc 
»Ha«aa*fit i dh* . iqh*<0(«r>&. =E— * — (DM 
ft«»=Jti: id*, iq*. idh*. 

i qh* sa«?-r^saE«^(tas?^s 1 1 $k^ c 

fitStt^Kl iCcfcor. ^E — £ — Hl^tfBXttlciEl* 

U •y^ut«*r=f id*, i q* £:S 

HSBSKS^fll i dh*. i qh*£S!R-r«<fc5lcLfc*(D' 

do) ni««i ocD^E-^-*jt®^s(*. Mismat 

lHl^ffiA<tt!ciSlNBffSffiHrt<D ; E--^-»ffjRffi3&< 
3fc»«flt id*, i q* t XliaMiafflMMt i dh* . i qh* £ 

(id is#3i 1 1 <D*—*—fflffl&m*. iwemat 
ffi^fiia^si icfcor. ^e— 41— tB**<g*<afcifi 

^e— mu* swrffi Mu*»4*ffiic-»*i±e:j&«&s 

IE U *;/ *at*aWSK*B1rtl id*, i q* t 

KnS«3Kli^tt i dh* . i qh* SatR-T « «fe 5 fc Lfc: t 

(12) is*^i 2cd^e— wwgai** «ris«3i 



o^E-$ — HU^ t^E— $ — SIS&ffitflKrEBrSffiHrt 

fc-r4**a«atB*« id*, i q * ^jmn%«sttt^tt 

idh*. i qh+ZMR-tZ&^lzLtzbCDX'fo&o 

[oo i o] -ta5LfcHH*»»-r*fcto(D^«<z>si-e 

[OO 1 1 ] 

[fgfJKDS&S] (1) MHU911 OflSSlc* tiff . fit* 

20 (2) it*^2CD^iccfc+ttf. a^afcmsstsiajfi 
«siE***L-f*tjEaifc*j!Bi-r*ci3&<"<?*. »*si(D 

(3) tmm3<D&mz&fri£. &*&n%ttnm$t 

if*«i<D±ES(jm^5iiiic^iS-r^c 

(4) sf*^4<7>ai0-fll3j:tLl*. iS^CD^E— ^-©Jffl 

30 (5) M3ft9i5a)flBnr=j:tLtf. «£*a>^E-^-*jjffli 

(6) ffi>£me<Dmmz&ti[t s ^<o=E-^-nm 
40 re. ^e— ^-$fi^a*^-f>itt«-caisLfci:#ic. 

z> ^e- ^ — a^(Da# t th -h m tm & m * c <t ^ ^> . 

(7) »5Ra7<0*ffllCj:tttf. tS*<0^-^-^Jt® 
50 ^7(Di»ftlSH*CtA<"<?** 0 ' 
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(8) m*m8o>§£UA\z&ti\£ % —(DmftviB 

(9) If3S3l9(Df£BJIZ<fc*U£. ^E— $r — 51^ h;U 

-So 

(10) »3fc^1 OCD^fElCcfctUf. {S^Offi h;u 10 

(11) 1 <D§£BXiz&tH£^ ^—z—zmi: 

(12) IMcJSl a^BJfZcfc+Lff. ^-^-(DiiS 20 

**?£*o 

[0 0 12] 

mwommotemi obwcd* i <7>niscD^> ^e- 

WHO)*-*— tBWWtl*. 3flX2S=E— ^--efiSS^ 

[0013] z-o-mMowfimo^-z— nm^mt. 
^^n^mum^tnm^n^umm^t^Tix^ 30 

*o S*aft*9lEftiJffliIslftte* 3*S£3S^E— * — MlcgUi 

*msi i u, i v. i wa>®)fiBtmiS£j?E»»c^-r d $&t 

tW&) d qlCfcl^T. ^E— ^— i iV, tWCD 

[0014] mnxmxnmEiwt. s*a®sss 

*Ifi!£&S35 (SIT* SiB;tt&«3*£P¥^) dhqh. » 40 
St"*Ui* ^— * — mat iu, i v. i w(DS*;^^(7) 
Jifttt(DBjK«a)fl|iKft7EIIS-r «mXM9E d h q h 

» j»# £ fljtap-r * si arc * * . 

[0015] iiicfci^ h;u$*J»«n li* h;u^7 

*xms d q izfeit* difcmssji^fi i d* t q 

Ji^fOl i q*^;H9:-r€)<t:<ttlc. SHfcffiS^ dhqhfz 
felt* d h$Am3EJ§^{S i dh* t q hfimSSft^fit i qh* £ 
;H^t"*o 50 



[0016] s*«msfE©jffliffl (d q-M«3t«nia) 2 

li. dtti: qlACDHm^t i d. « q$**i-f*L»*ffl[ i . 
d*. i cflc-S$l^&fcft(Dd»lii q $iCDS*;KmiEJi 
^fBvd*. vq*£;Hg:-r*o *njf»3ld\ £43&83!ttiJ 

»»2-e±riEa?4ifca*a«Eft«ffl v .d*. vq*<t. & 

a-T *»n**3K*J»ffl 6 fe^tf d h q h/ d q Ktttt 7 

JDKU §»n6dtieEMl (vd*+vd') irqlA 
miEJi^fl (vq*+vq') £f#* e 
[OO 17] d q/3«jE*»4fi. 3 4g£3KKff£fr 
*—EIEI=HJH-r***ajSa3Kd q(D{4ffi 
0efc£-3ivc % d$i£ qNKDVSti^ffl (vd*+ v 

d') % (v(f+vq') £3ffl^3SmEEJt^fflvu*. v 

tt«*3^&*fc*— iaisicnjH'r*»*a»«3Rd 

qO)<iffl0elcS^t^. 3ffi3S3S^— ^— M(DHm5S 
iu. iv. i w (=- i u- i v) £ dliit qf4<7>HmSS 
id. Iq^KM-T*. fefe. »*aS55»J»ffl 2 t 3 ffl 

/d q^ftSPS t3b<S*»S3a$iJffliSK*«iiE-r*o 

[ o 0 1 8 ] &m&n$i$mm ( d h q hsamssswas) 

6(*. dhf4<tqhlS(D|imSSidh, i qh£^ti,^m5S 
Jg^fitidh*. iqh*lc— »*l±*fctf>a)dh||tqh«a> 
KHiS«EJB«flt v dh* % vqh*£;H®-T* 0 dhdq/d 
q ^^SP 7 it. d hi* t q h«ka>KII3t«EtB«tt v d 
h*. vqh*«dttj:qMa)KSiaS«EI&«ffivd' . v 
q' fcSE»-T*o /\-f ■ ^-f^ — 8li. ^E— * — 
l°lteSJtcueIZ*-^l\Td q$*<7>HmS5 i d. i qfc^-f 

aa*itL-cas«arit»*aas-i-* 0 d Q /dh 

qhKMtff9tt±afiLtcmaSS*IRdhqh»*L. s 
*«Jffi«S d q <Dmm%t i d. i q<7)a;iS«JS^£?iI@;^ 
ffig^dhqhOHmSS i dh. i qhrcKMfc-T* D JB 
IXIikMM 6 % 3ti/d qXttffi5. /n-T/^x ■ y 
fJW — 8 feet 1/ d q / d h q h^^gp 9 AWBIiftS9tffi 

»H»s«a-r*. 

[OO 1 9] 01*. I GBT^cSrCDm*^ 

tti*r* 0 m55-tr>-^-i 1 . 1 2(i. SffiXSS^E 

fflSS;H^SPi 3 it. oLiyzx— Ps^t><Dl5lteeS 

m-^emfcS-^lNr^E-^— M(D[HlSwtgaje£ 3ffi3£3S 

[0020] ffiraagsas^^L^i pm^- 
^iz±rtr. £*xffi«£d q & anstjsfls d h q h 
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[0021] urnii^— ! ^-oimtefta>^bic^LTiE 



10 



lc % CKDdtttBSE-rs^lBl^qttlciSii:*^ ft 
ttfz. COdh$4<!:lt^-r^^rfa]Sqh$filzi:^) 0 Lfctf 

icnMLTEte-r«ffi«a*-e&y % HBXffiaa* d h q h 
[0022] ftssa^— »jfflisar*s*jK«»<z)» 

[§&1] 



Te=P (0d • i d— 0q • i q) 

= P { (0d_1 + <£d_h) ( i qj + i qJO - (<£qj + 0q_h) ( i dj + i dji) J 
= P l(0d_1 ■ ICL.1 + 0CL.1- icLD + (*cLh' iq_h+0q_h- i d_h) 
+ (0d_h- iq_1 + 0q_h- idj) + (0d_1- iq_h+0qJ- i d_h) } 



±^zfcl>r. PI*8»Bu 0dl*d$im^^m 20 
3u 0dJ(*dffim^SS3£l«^(O»^ia^. tf<Lhl* 
dttS«^j»X«*0)jaiHK^». 0ql*qW«tM=-ffll 

dfid M*9E* i (L1ttdtt«Sta)**»«». idjifi 
d »SSE<DBB»J3MK i qfi q MBSfL I q_1 I* q M« 
Slt©**afit». i q_hl*qttBS50)iKiaa6ii£»"efc 

[0 0 2 3] $rfc\ S*«ffiS^d qicfcrt-SdWass 
i d<DS*»jjS$m i <LK KBSWWJ1* i <Un***fr 30 

[»2] i d= i d_1 + i d_h 

i q_u mm&m&i* \ qjn?&**>&* 

[3£3] i q= i q_1 + i q_h 

[0024] c<ofttta>»n-caKBisfiBdK£ttn»ffi 
«*dhqh-e«j»-r*^& % h ;u^7 sw§b i -e. 

£ff£d qlcfclt^,®»m3SiS^a>d$fim35fi^<l i d* 
t h;u^»afiE»<Dq««3lE»*tt i q*^;Hg:-r-5><t<t 
tic. igI@^ffiS^dhqhlcjbMt*II!l»m5Si*^CDdh 40 
WSSStt^ffl i dh*<t h;u^«3IEdt^a)qhffe«SR}t«ffl 
i qh* £ ;Rfl[ U K^XVKMffBIB 2 . 5tdq $&S 
*»«3!Eid* i q^ttfcOj&^fil i d*. iq*|z— Brt" 

6 . 8 , 9 V d h q hlft^igamSS i dh. i qh^tl, 
Ji^fiiidh*. i qh*|z-a-r*<fc5rc»Jffll-r^o mTCD 

^d qicfcix-cs^semss i d_n i q_i <tnji@aKmiJSs i 

dju i q_h£lfc y «l\ g$IM!c d q ttKfl&ttSIE i d_ 
h. i qJi£dhqhttlSflXB3K i dh. i qhlcXSW*:: 50 



[ o o 2 5 ] stit i 1 mi*. —conm* 

[oo2 6] <D&mm3mtM4mi*s ^iscom 
tifffi^mt o i: /j: y % ^e— *>e>ai**+t^^ h 

tiz^iS;*KjS»a>;^&^---e&y¥^i h;u^ir^-r 

ss*j». o*ymsss^*ot"r«*j»*ffoTtey. 

[0 0 2 7] (DHJS<D^ffi*e(*. 

icJta^.. l^PiR^CDSBt^tmaE^lc^y^E— ^— h;u 

^^*jffliL. *—*—<D$hm : £&w-?z>tttizmj3 : £ 

[0 0 2 8] rc3Stt4JBB»«SS^S»* 
d q fimSS i d. i q^-^lz Lfc**a)BH*tM» 



( 7 ) 
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20 



i qh*OlzLfc»^<Ddh«i«3lE i dhlz^-T 
£^L. (b)lidhttSSS i dh£OlzLfci§£-<DqhttS 

fc. KnSS9!C i dhSfcte i qh£ OCUrt giztymt 

JB»»J»-r*ffi*a>*j»*aj:y4,. &*asB3Ki::KH 

[0 0 2 9] i5li$1 <Dnifo<DJ&m<Db)l,Vfflm«l1 10 

a>B«B«i:****-r. K;u*»Jffl«in (4. h;u^*i^fil 

^•fl T e* t *— £ — (Hl$Ei$Jg <*)e £ I z&j£*j- £ d fiUSS 

»*«id***gi#3tJM-* 0 hyu*fi^fii<t^ 

T e* £ * — EWBfcflEcuefc lz»*6"T * q S&mSSfi^ 
fit icf*«3l 

[0 0 3 0] n«fz % h;u* —EliESB 
— EHEafto)etlcStJ6-r-5dh**«a»«ffl i dh*£^ 

^-Isll£iIScije<t!caj£-r^ q h$ftmaEm^fa i qh*£ 
[003 1] C*L6(DV^^1 a — 1 d|Zl4. ^E— £ — 

[0 0 3 2] -(7)^1 <7)Hi£(D^®lCcfc+llS. fct>tf>£ 

Tem=P • 0 dm • i q 

= P(0dm_1 + 0dm_h) ( i q_1 + 
= P ( 0dm_1 ■ i qj + 0dm_h • 
= P • 0dm_J • i q_1 + P (0dm 

. 0dm_hl4««^fflX«ma>KK»# (Bffi 

su m2si4h;u^u^^;uja»^s-ro L*t*«o 

[»6] 

0dm_h ■ iq_1 + 0dm_1- iq_h+0dm_h- i q_h= O 

[&7] i q_h=-0dm_h • i q_1 / ( 0 dm L 1 + 0 dmji) 

Ter = — P • Lqd - id- i q 

= P ( Lqd_1 + Lqd_h) ( i d_1 + 



[0033] i&mom 2 o>nm<Dtem — <t> h 

£ 0 ft fc. -0>m2Og|J6c7>J^Sc0«i$f4. K;u^*iJfflJ 

[0 0 3 4] ±E»«1 (D*fflJR3«£*4«l*«»a> 

So ft*©*—: * — MffttB-ef4. d qWffi«^"e<DS 
**«S!E0)«|J». o*y«3KO)»fBiart#S0 4:"r«1SiJ 
fB*ff3(D-e. m43SI40<b:ft£rt<. ^3^(40 <t ft t> 

-T h;u^y ^;wsE#£ft£o o*y* ft*0>ffl»i&s 

y. isauftit^tfft&ftt^ 

[0 0 3 5] C<D*2<DjejfiO)^tBTfl*. ^FpI 

[0 0 3 6] I PMt — £ — (DihJl h^U^Tel4"7^^ 
^ h h;u^7 Temi:, f J ^ >X Y-)\s$ Tert<DfP"CS 

[Sl4] Te= Tem+ Ter 
= P(0dm- iq— Lqd- id- i q) 

^^W, 0dm(4Btt?fl£«* (B5») , Lqd 
14 d qti-<>^y>Xl (=Lq-Ld=Lqd_1 + Lqd 
_h) T'fe^o 

[0 0 3 7] 7jr*y h h;u^Tem$;H»:-r-5o 

[»5] 



i q_h) 

i q_1 + 0dm_1 • i q_h+0dm_h • i q_h) 
h • i q_1 + 0 dm_1 • i q_h+ 0dm_h ■ i q_h) 

40 iSiS^iS»lcJt^<-C+^l^^l> (0dm_1»0dm_h) t 

[88] i q_h=— 0dm_h • i q_1/0dm_1 

Olc-r-Sftftf*. qfASSlEORnift^ iq_h$ft3t8 

"e^•rfii^c-r^^^fcfcl^c<^:A<t>^So 

[0 0 3 8] y^^^>X h^>7Ter^;1IS-r 

So 

[»9] 



30 



i d_h) ( i qj + i q_h) 
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= P(Lqd_1- iqJ+LqdJr iqJ+LqdJ- i q_h+ Lqd_h • i qji) ( i d 
J + i d Ji) 



= P • LqdJ • i q_1 • i d_1 
+ P ( Lqdji • i qj + LqdJ 
+ P (LqdJ • i qj + Lqd_h 



i q_h+ LqdJi - i qji) i d_1 

i qj + Lqd_1 • i qji+ LqdJi ■ i q_h) i 



d h 



ass 9 (Dftmm i m\t u ^ o * >x h 



[ai o] 

(LqdJ - iqJ+LqdJi- iq_1 + LqdJ- i q_h+ Lqd_h • i q_h) i d_h= — (L 
qdji • i qj+ LqdJ • i q_h+ Lqd_h • i q_h) i dj 

,\ j d_h=-(Lqd_h - i qj + LqdJ • i qji+ Lqd_h • i q_h) i d_1 / ( L qd_1 • 
i qj+ LqdJi ■ i qj + LqdJ ■ i qji+ LqdJi • i q_h) 



5£i o£#&iz$5:®lx$Z> 0 

[811] i dJi=-(LqdJi • i qj+ LqdJ • i qji) 
i dJ/(LqdJ - i q_1) 

VL±<Dmn\z±i) % h;u^a>y yzf)\,$o 

[0039] ccoct Q$&<omm&mftm3L \ <ui 
&&i&8\z7f;-fmzmmL. 6no>nm^ss.^mstyd_ 

[0 0 4 0] tZ.*>V* CC-CJBl^Tt^ i dji. i q_h 

%uz&m-?z 0 

[812] 

[iai2] 



Rdh*! Tc 
Ligh*J" - 



cos9eh 
sinGeh 



sinBehl 
cosGehJ 



m 



&j£#7b<5#<Di§-&lceeh=- 6 we+ Geo (CCT\ 
0eoli0e=O<t 0eh=O(D(itB^) tr&£o St5fc8<!: 
Sfcitl 1^1 2lcftAL-Cdhf&m5fEtg^fil i dh* t 

[0041] mei£m2o>mm<Di&m<D h^mm^n 
s i izTfkf h;u<7©uaiaj i fcft^r biwviwn i a £ 

^B— [pJfe^aje^lc^-r^d^msSft^fil i d* 



^gfc^t-^qiamssffi^fao^— ^7b<iix^t>HTi>^ 

^-[H]te^Jtcoei:lc*fi£-r^qtftmS£Jg^ffl i q*£^ 
[0 0 4 2] h;u^$iJWSiJi Al*£Z>\Z % dq$*msK^ 

li^fli i d*; i q* rc^-r a d h^mssm^ffl i dh* £ m 

^ i qh^^^l h^b. d q$4S5S^fit i d*. iq* 
IzttfcTfZ Qh^m^tmam i qh*£a3l£;1tirr*o 
[0043] -WJ-i e~1 hlCl* % — £ — h^U^ T 

l§^t>iJ:a)*-e. ±fB»S8 < ta^1 1^5SfcLh;U 

30 >7 y ^u^g^ic-r ^s*;-Rmss<t iSia«m55a)fg^ 

[0 0 4 4] C(0m2<7)||JS<D^®[CcfcH(f. fct>^^ 

^ ^ — * — t) tb * * i± * c t f}< X* $ ^> o 
[0045] i§&BR0)m 3 <7>Hlfi(D^BS > ME. U 

40 ^a^ic-r^>m3coiiss(D^si^^-r^ 0 /^fc, ca> 
m3<DHisa)^(D«fSf±. h;u^*jtaia5i ^^ixra 

[0046] S7I;ME-*— MCD[53lEJ$Sa>efC^-r^ 
"To ^ — £ — Mfi % [E]fnSgaje^0^t>SS[H]te5lS 
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&m%i £ 6 o o A & y < iffitffc £ £: < 

[0047] gmsfHstt^- a>«ff«j ^ 



10 



[SSI 3] vd=R ■ i d+d(<£d)/dt-coe ■ 0q 
= R • i d+d(0dm+ Ld • i d)/dt— cje • Lq • i q, 
vq=we ■ <£d+R • iq+d(0q)/dt 
= cue(0dm+Ld- i d) + R • iq+d(Lq- i q)/dt 
CZTr, vdf*dtt»E, vqliql&mE. RI*ffl«»« 
tfu ^dlidttSti^fflSflK*:. ^qfiqWmffiT-ffiXffi 
*<Mi*tt?MXttX <WE#) . LdttdH-fv 
Lq(iqffi>T>^^y>x-efc^o 

[oo4 8] mm. m3££e*«j£# 

IE v dli^COJ: 5 lc^£;ft&o 
[Si 4] 



vd=R( i d_l+ i d_h) 

+d { ( 0dm_1 + *dm_h) + ( Ld_1 + Ldji) ( i d_1 + i d_h) J /dt 
-cue(Lq_1 + Lq_h) ( i q_1+ i q_h) 
= R( i d_1+ i dji) 

+d {(<0dm_1+Ld_1 ■ i d_1) + (0dm_h+ Ld_h • id_1+Ld_1« i d_h+ 
Ldji • i dJO) /dt 

— cue(Lq_1 • i q_1 + Lq_h • iqJ+LqJ- iqJi+LqJi- iO) 
= {R - i d_1+d(0dm_1+Ld_1 • i d_1)/dt+cue • LqJ • i <lU 

+ [R • i d_h+d(<£dm_h+ Ldji - i d_1 + Ld_1 ■ i d_h+ Ldji • i dji) 
/dt-we(Lq_h" iqJ+LqJ- i qji+ Lqji ■ i q_h)] 



t»15] R • i d_h+d(0dmji+ Ld_h ■ i d_1 + Ld_1 
■ id_h+Ld_h- i d_h)/dt— a)e(LqJi • IqJ+LqJ 
• i q_h+LqJi • i q_h) = O 

a«. *istt*23Hfe«fctfK3aicit'<r* 

[Ski 6] 0dmJi+LdJr i d_1 + ( Ld_1 + Ld_h) i d_ 



st} /(Ld_1+Ld_h) 
[»1 7] 

Lq_h • iq_1+Lq_1- i q_h+ Lq_h ■ i q_h= O 
.-. ; q_h=- Lq_h - i q_1/(Lq_1 + Lq_h) 
30 [0 0 4 9] CO J: 51::* d«imEvd(Dy yZ?)[,£0 
iz-f&lzlt. d q M«3K0)ffin&j£# i d_h. i qjifttflk 

[ooso] am* -f>$r*4r>* % mss^g* 

q S4mE v qf**a><fc 5 I^S £*t£o 
[»1 8] 



h=const, ,\ i d_h=- {(0dm_h+ Ldji ■ i d_1)+con 

vq=6ue (<£dni_1 + 0dm__h+(Ld_1 + Ld_h) ( i dj+ i d_h) J 

+ R(iq_1 + iqJi)H-d(Lq_1 + Lq_h)(iq_1 + i q_h)/dt 
= {ct>e(<£dmj+ Ld_1 ■ idJ) + R- iq_1+d(Lq_J- i q_1)/dt} 
4- [o>e {0dm_h+(LdJi • id_1+Ld_1- i d_h+ Ld_h • i d_h)J -f-R ■ i q_h 
+d(Lq_h- iq_1+Lq_1- i q_h+ Lq_h • i q_h)/dt] 



BlZtSl^X. ®1^liS*«fi8»-C&y % 

( y ^;u») x* fc ^ o q famEo y ^ 
^ oiz-r£iztez<D§r2Ji£ orz-r*ttf<kL^ 

[S19] coe {0dm__h+(Ld_h • id_1 + Ld_1- i d_h 
+ Ld_h- id_h)J +R- iqJH-d(LqJi- i q_1 + Lq_ 
1 • i qji+ Lq_h • i q_h)/dt= O 

tCDtz&blZlt^ fS^Cl 9(D3^-T^Tif OlZ-?Z>!&Stf 



50 



[3&2 0] 0dm_h+(Ld_h- id_1+Ld_1- i d_h+ Ld 
_h ■ idji) = 0, /. i d_h=-(0dm_h+Ld_h ■ i dj) 
/(Ld_1+Ld_h) 

[Sft2 1] Lq^h- iq_1+L<u1- i q_h+ Lq_h • i q_h 



( 10 ) 
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=const, .'. i 0=(— Lq_h • i q_1 + const) /( Lq_1 
+ LqJi) 

[005 1] Z.(D&o\Z^ qlftmffi vqCD'J vZf)U$: O 

[0 0 5 2] gfcxfcl 6<tgfc3£2 1 (Dconst£0<t 

*Ttl(i. »S1 6<tSfc^2 0. »SCl 7<tl&3£2 1 (i^ 

tft*o o£y. d v do y y 

l££ 0(z-r^^#i:. q$&mJ±vq<D'j ^^;USIE^ 0 10 

q S&miE v q(D U :7;uf$# £ <t i Iz o f c"T £ :: <b: #pT 

[92 2] i d_h=-(0dm_h+Ld_h ■ id_1)/Ld_1, 
i q_h=- LqJi • iq_1/LqJ 

o$y. S^jKSES^d qfzfc(t*d«iaiajftSSSEid_h 
<t qttttHXmsK i q_hA<Sfc^2 2[ca-Tffli:^^ct:a 

£o fcfc. S*&&S^d qfzfc(t£iStH;T£ll3ft i d_ 
h. i qjili* ±E»S1 2\z&immfcm&J(kdhqh<D 20 
dhttSH%*3ft i dhfc q httKBI&VSiE i qhlc£&-f £ 
-ir^t^^o Lfc^oT. a^2 2SSSl 2fZftA 
Ltd hJMISkfB^ffi i dh* t q htt*SKft1Mtt i qh* £IS 
UU ±&Ltc£5\zmm&mffiZftmtt\*m& t )v 

[0053] m 8 itn 3 omt&cDj&mo hu^mumm 
B&vtm&Tft-rmT'&Zo zLoms&nm&Bmxits 

iHllEafilC^^dWimSSft^fflO!)^?— *J&<l|X#>£*lT 30 
=E-^-lHlteiSSaiei:lc»JC-r*dttB3SE»^ffi i d* 

^-SfcSlgcoe^Izm-r^qiamSSfg^ffl i q*£S 

[0 0 5 4] HU^ftffl^l B dqlftmaji 

««d>«Ey i dh^^^i i d qiftmssii 40 

i d*. i q*lc^t"^> dhfimSHm^fil i dh*£^3l 

*3um-*. mmz^ d Q$&m%tm^miz*rtz> Q h®i 

i qh^y:7l j d q $6mS5Ji^fil i d*. iq*lc*t 

[0055) 77?1e % If. 1 i, 1 j [Zit. ^E— 



[OO 5 6] w(^m3CDSIJS(D^®fZj;*Ll^ fc*tf>& 
t-^-ffiMweCfc^T, SEy vZf)l>$m'J?\z 

[ o o 5 7 ] c demos 4 <D9it&a»gffi) mss y Z?)l> 

m4(DHj£(D^scD«}/s^. hu**j»»i swages 

[0 0 5 8] ^9lim4(7)||JS<^^(D h;U^l»J»ffl1 

^— ^ — 0$i3ISa;e<t Iz^-T ^ d fdSaftJ^P fit i d* 
0|gaiS£uetfc»J6-r«qH»Sl»*ffl i q*^^ 

[0059]-^ h/u^wtaspi cii, dhiimatm 

^fil i dh* <t q h$Sm3EJ§^fil i qh*^ttfcoic-r^o 

ctt(z € fcy > sra«Saffi*]ffl][s]i»5. 6, 8. 9iiBP 

d h q h0> d h$fimS5 i dhi: q hffi^SK i qhtfb t 

[0060] z<Dm4<Dmm<Dmmiz&tn^ 

^E— ^r— [Hl<E3$gajelzfclNTm3Ey ^^U*»d^f-W 
[ O O 6 1 ] 5 <Dmm<DMm) =E—$ -MCD 

[0 0 6 2] SI Orim5 0>mS<D^(7) h;U^$fJfflJg|5 

saji p. e^h;u^y ^ ^umssm^n^gp 1 g . m 
'>mEE y y^m^tm^mM^ 1 r % g^msit y *y 

[ o o 6 3 ] giSSd*msSJi^;HS:§P 1 P li. g 

w-r ^s*^ms5f§^fii id*, i q* t Rfflasmssjt^ 



( 11 ) 
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fit i dh*. i qh* ZlMWt £ e *d> h;U^ U ^U«3K» 
«3«« i g li. MU^ y */ ^u^^icr ^>S*«S 

3it»1*fit id*, i q* t AHX«3S*t4*ffi i dh* . i qh* £ 

;H$M-£ 0 S'>mBE U :7;u®^*i^;1U¥SB 1 H*. m 
EU v -fjlsZm'Plz? ^S*;K^55fg^ffl id*, i q*£ 
ftfll&ttftftlHtt i dh*. i qh*£;Hj?lT£o «'>«»■; 

«S*2ft*3E}lttlt id*, i q* £ AH&ttSKfBtflK i dh 

i qh*$;Hg:^-^o 
[0 0 6 4] S®fg^fit^a5l ul*. ^E — £ — M(Z)Ie] 10 

CT. m^JB^H^SP 1 p. 1 q. 1 r. 1 tT*mnz 

[0065] si i ic^y. ssji^fitstRep i ucDts 

[0066] Si 1 iZfcl^T. hJU^-f 
t&m3U::i£<#£o =E— * — M<D[H]te>£Jgaje<h hn,^ 

^mbsmmmmmii 1 t t?ss^**L^^5Sji^ffi^s« 30 

[oo6 7] *fc* g^th^i^^>©jfi«o^©-eri 

J:& L <*: a ic ^E— * - M ic* £ £ ma £ EPftrT & #5 
&$>&<DX\ HzffieSimEE a>Dcy>£ 
HEE) i^-lEvu, w. vw<tCDH)!)^jN$<3fe 
£>o LfcA^T, : E— MCDlsHEilSwet h;U^ Te 

tii^tg^ffi^^OM^SfilmT-e^E— £ — Ui*J**§ 40 
Lfc*<t>. 'J vZfjl,ni£\z&Z>=E— * — mEE(Z>{£T£R& 

Co 

[0 0 6 8] ^— M<7>[5]|£i$gcoe<t h;U 

§Pi g-C/1IS:*ti^)m35m^fii^«L. ^e-^-m<^ 50 



[O O 6 9] ^E— ^— M(DlHllEalJgaje<t h;U^7 TeT?* 

[oo7o] z.<D&.oizn5o>mi&o>mmz&ix\£ % ^ 

r ^E- $ - M $BlN»t - 1 A<T*g- -5) o 
[O 0 7 1 ] Ji5&Lfc#ilJS(D^T*(*. h;u^ 

*J^1, 1A. 1 B. 1 cicfcivc. h;u^Jg^MT 

Ji^fl id*, i q* t d h q httBBiaSSSSJi^ffl i dh* . 
i qh*£>HII^3#]£^Lfc*<. ^-^-^Vlz^f 
0 -»JSIsHEafiajb*-<5a>iSflWBH-C«ffl-r 

**x«s««ffl[ id*, i q* <t d h q hsaistjs&mssm^ 

fSidh*. iqh*^lIt^o O^y, h^*i^fltfc^ 
^filTe*«c^-r^>m55fi^fll i d*. iq*. i dh*. iq 
[0 0 7 2] **WI*BJH^— 

[SSO®**i»0J] 

[si] ft 1 <Dmm<Di&m(Dffij8. : £7f:-?mT*&z>o 
■rs-efc-So 

[S3] 5*<Dfflia«na635<#tt-r*a*a) % ipm 

[0 4] S*^m5SJS^"Cfe^>d qlfimSS i d. iq$ 

[as] m i <Dmm<Di&m<D hjwpm&comm&m 
[0 6] S2(Diusa)^s§a> h^u^sjfoffl^sjfflfta 
[07] ^e— ^— coas^^tt^^-rs-cfe^o 

[0 8] S3(7)Hi£cD^S§a> h^^*JfflJffl(D»ai«:« 

[09] ft4<DHjg(D^gia> h)\,5f$mn<Dmmt*m 
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j££^-r0-efc£ o 

[sin -(Dib^ttsic^ c/cg@^m3S« 
<sm<»miR®}tt £ ittBj-r -5 1 $><» m -e & & 0 

[012] 3 ffi^SS^E— £ — <DftJf®ggCDliJ$ 

[013] 1 PMt- o^it^^-rs-cfe^o 

[014] s pm^- cD^ig^^-rs-efc^o 

[»^0)I^B^] 10 

1 h;u^©JSPSP 

1 b mm^^mm^^m^-jy 

1 d g^S&ig q h$Am3£*i^fltv v y 

1 e m*m®}md®im3tt%itmwy 



d q/3*B^&SP 

3ffl/d q^g|J 
dhqh/dq^Si 
d q/dhqh: 



1 h 

1 i 

1 i 

1 p 

1 q 

1 r 

1 t 

2 

3 

4 

5 

6 

7 

8 

9 



1 o m^wsM 

11. 12 m3Hz>-9— 

1 3 



[01] 



[04] 




aw* 










<J hah/da 


(dhqlO 




** 








idh, iqh 


(fq/dhqh 





(Iw- lu-lv) 



an 





[® 4 ] 
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[02] 



[03] 




m 2i 



m 3 i 



[05] 



[06] 



[01 3] 



cue 



cue 



la 



IC 



2 



Id 



[H5] 



id' 



Te*- 



idb* 



IA 



z 



le 



Z 



if 



WW*?:/ 



19 



I 



dhimsft 



I 



id" / r- 1 




idh* 



♦ fqh € 



[0 13 ] 



[014] 




re 14 j 
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[H7] 



[18] 



Te 



coe 



®v''. 



Te* 



L 



□ 

CO 



[a 7 ] 



[09] 



OJC 



IC 

2 



1__Z 



fiae] 



♦ id* 



iq« 



idh* 



iqh' 



Te* 



IB 



z 



J__Z 



id* 



ti 



V f I 



idh 4 



iqh* 



CBS] 



[Si O] 




[BiO] 
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[Si 1] 




[0 11 J 



[01 2] 



Te* 



id* 



id «q|^ 




0 




IU 



iv 



[012 1 
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